Purpose: The purpose of the present pilot study was to provide a preliminary estimate of the minimum detectable difference (MDD) and minimum clinically important difference (MCID) of the six-minute walk test (6MWT) and daily activity in outpatients with chronic heart failure (CHF). Methods: A convenience sample of 22 adults with stable New York Heart Association Functional Class II and III CHF performed two baseline 6MWTs separated by 30 minutes of rest. Subjects then wore a triaxial accelerometer for 7 days to monitor daily activity. After 7 weeks of usual care, subjects again wore the accelerometer for 7 days and then returned to the clinic to complete the Global Rating of Change Scale (GRS) with regard to their heart disease and perform another set of 6MWTs. For the 6MWT, the MDD was calculated using the two baseline 6MWT distances. For daily activity, the MDD was calculated using two methods: (1) day-to-day test-retest reliability during baseline monitoring, and (2) baseline to follow-up test-retest reliability in those who reported no change on the GRS. The MCID for the 6MWT and daily activity was calculated using the mean and 95% confidence interval (CI 95% ) for those subjects who reported 'improvement' on the GRS. Results: The MDD at the CI 95% for the 6MWT was 32.4 meters. The MCID for the 6MWT was 30.1 (CI 95% 20.8, 39.4) meters. The MDD for daily activity was 5,909 vector magnitude units (VMU•hr. -1 ) The MCID for daily activity was 1,337 VMU•hr. -1 There was good alignment of the MDD and MCID for the 6MWT, suggesting that clinically meaningful change is approximately 32 meters. However, the calculated MCID was substantially less than measurement error as represented by the MDD, indicating that the MCID was underestimated in this sample or that daily activity may be robust to change in overall disease status.
INTRODUCTION
Exercise intolerance is the most frequent and debilitating symptom in patients with chronic heart failure (CHF), 1, 2 and is both a cause and result of the cycle of physical inactivity and subsequent deconditioning. [3] [4] [5] [6] [7] [8] [9] [10] [11] Rehabilitation interventions are directed at disrupting the perpetuation of this cycle. The effect of these interventions on deconditioning has been widely studied; 12 however, only a limited number of studies have examined the effect of rehabilitation interventions on physical (daily) inactivity. 9, [13] [14] [15] [16] Unfortunately, few studies have investigated how measures of deconditioning and daily activity change in relationship to one another, and even fewer have investigated what amount of change in these measures is considered to be clinically meaningful.
Measurement of daily activity can use a variety of instrumentation strategies, including questionnaires, measurement of energy expenditure, and activity monitors. 17 Self-report questionnaires have repeatedly been shown to overestimate daily activity, [18] [19] [20] [21] [22] including individuals with cardiac diseases. 23 Measurement of energy expenditure with doubly-labeled water or metabolic gas exchange analysis, while most accurate, is not feasible for routine field testing. 17 Activity monitors, however, provide reasonable estimates of daily activity and are easy to incorporate into study protocols. Activity monitors include pedometers, heart rate monitors, accelerometers, and integrated multisensors. Of these methods used for measuring daily activity, triaxial accelerometers appear to provide sufficient accuracy, feasibility, and subject adherence for measuring daily activity in patients with cardiac disease. 18 However, there is also growing interest in the use of activity data generated by the single axis accelerometers contained in implanted cardiac defibrillators. [24] [25] [26] These devices overcome difficulties of monitor wearing non-adherence and short monitoring periods to better capture changes in daily activity over greater periods of time. Despite the increasing interest in daily activity, its measurement by accelerometry, and 5 prior studies examining the impact of exercise on daily activity, no study to date has determined what amount of change in daily activity is considered to be meaningful or sufficient to interrupt the cycle of inactivity and deconditioning.
The six-minute walk test (6MWT) is a commonly used outcome measure in both the clinical and research settings for patients with CHF. 27 It is somewhat unclear if the construct represented by the 6MWT is a submaximal proxy for maximal, graded exercise tests that measure peak aerobic capacity or whether it represents a different construct such as functional exercise tolerance and capacity for completing activities of daily living (ADLs). [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] Positive correlations between 6MWT distance and peak oxygen consumption (0.57 to 0.88) have been demonstrated across a wide range of patients with CHF and chronic obstructive pulmonary disease (COPD), [28] [29] [30] [31] [32] [33] [34] [35] though some have proposed that the 6MWT might best be described as a measure of functional exercise tolerance that is more closely associated with ability to perform ADLs. [36] [37] [38] [39] [40] [41] The 6MWT has demonstrated good reliability [intraclass correlation coefficients (ICCs) of 0.82 to 0.99] in patients with CHF, 29, 35, [42] [43] [44] [45] [46] [47] [48] [49] and is likely to be highest when following a standardized procedure. 27, 50 Despite its widespread use as an outcome measure, only 3 studies 45, 46, 48 have investigated and reported what amount of change is considered to be clinically meaningful among patients with CHF, and none of these studies included measures of daily activity.
The effect of rehabilitation on daily activity has been investigated in 5 studies. van den Berg-Emons et al 9 studied the effect of 3 months of aerobic exercise training on daily activity measured by accelerometry. Despite improvements in factors known to be associated with daily activity, including strength, 51 aerobic capacity, 11 and 6MWT distance, 11 no changes in daily activity were observed in the intervention group. Mueller et al 13 reported on a 6-year period following cardiac rehabilitation, and found no difference in a daily activity questionnaire between the exercise and control groups. Gottlieb et al 14 found no change in daily activity measured by a uniaxial accelerometer following a 6-month exercise program despite improvements in exercise tolerance measured using cardiopulmonary exercise testing and the 6MWT. Willenheimer et al 15 noted an insignificant trend of decreased daily activity despite a 4-month exercise program, though the decrease was not of the same magnitude as that of the control group. Only Witham et al 16 found significant improvements in daily activity measured by accelerometry following a 3-month seated exercise program. Interestingly, they did not find any improvement in 6MWT distance. The 3 studies 9, 14, 16 that measured changes in both the 6MWT and daily activity in the same sample demonstrated conflicting results with regard to how each measure changed in relationship to the other, and no study commented on whether the observed changes were clinically meaningful. It is, therefore, not only uncertain as to how both the 6MWT and daily activity change in relationship to each other in response to intervention and/or disease progression, it is also unclear what amount of change in these measures is clinically meaningful.
Foundational to the planning and interpretation of clinical trials is the knowledge of what amount of change in an outcome measure is clinically meaningful. Two common methods for determining clinically meaningful change are the minimum detectable difference (MDD) and the minimum clinically important difference (MCID). Each represents a different construct in that the MDD reflects measurement error and the MCID reflects perceptible change. The MDD represents the amount of change that must be achieved to reflect a 'true' change in clinical status that exceeds the measurement error inherent in a given instrument. 52 Although the MDD is a statistical calculation based on the reproducibility or test-retest reliability of an instrument, it assumes that exceeding this threshold should reflect a change that is clinically meaningful. Alternately, the MCID is the smallest change that a patient would perceive as beneficial. 53, 54 Two broad methods for calculating perceptible change include distribution-based and anchor-based methods. 54 Distribution-based methods include calculation of an effect size that provides a ratio of change in an outcome to the baseline standard deviation of that measure for interpreting whether the effect observed in a given trial was statistically significant, while anchor-based methods determine the mean amount of change associated with subjects' perceived level of change using the Global Rating of Change Scale (GRS).
Meaningful change in daily activity in individuals with CHF has only been investigated by Shoemaker et al, 55 who calculated an MCID of 0.5 and 1.0 hours per day for deterioration and improvement, respectively, in patients with implanted cardiac defibrillators. Daily activity was measured using the single axis accelerometer contained within the implanted device, and the results were only generalizable to similar individuals with similar devices. With regard to the 6MWT, only Opasich et al 46 In summary, no study has examined the MDD and MCID for the 6MWT in the same sample; and therefore, the degree of agreement between these two measurement strategies for determining clinically meaningful change is not known. Additionally, only one study has provided an estimate of meaningful change in daily activity, and was unique to measurement of individuals with implanted cardiac defibrillators. Therefore, the purpose of the present pilot study was to provide a preliminary estimate of the MDD and MCID for the 6MWT and daily activity in outpatients with CHF to assist in planning a randomized clinical trial to improve daily activity in this population.
METHODS

Design
This 8-week observational study measured the 6MWT and daily activity at baseline and 8 weeks later. Subjects were instructed to maintain their usual routine. At the beginning of the final clinic visit following completion of the 8-week observation period, subjects were interviewed about significant health events in the preceding 8 weeks, including hospitalizations and physician office visits, which were checked against the subject's medical record. Subjects also completed the GRS 46, 49 (Figure 1 ) which asked them to rate the amount of perceived change in their condition since enrolling in the study. The GRS and the medical record review of patient status served as the anchor for determining change when calculating the MCID (perceptible change).
Subjects
A convenience sample (n=22) was recruited from a tertiary care outpatient heart failure clinic. To be included in the study, subjects must: (1) have been >40 years old, (2) have had echocardiographic evidence of left ventricular systolic dysfunction [left ventricular ejection fraction (LVEF) < 40%], (3) have been clinically stable on optimized medical therapy, (4) have rated themselves as New York Heart Association-Functional Class (NYHA-FC) II or III, and (5) have had sufficient mental capacity to be able to accurately report any changes in symptoms or functional status. Subjects were excluded if their functional limitations were primarily due to noncardiovascular causes. The study was approved by the human subjects review committees at Western Michigan University and Spectrum Health.
Measurements
Six-minute walk test
The 6MWT was administered on a 100-foot hallway course, with standardized instructions, encouragement, and monitoring as recommended in the American Thoracic Society guidelines. 42 Following a 30 minute rest period, 49 the test was repeated. The test-retest distances at baseline formed the basis of the MDD for the 6MWT, and the longest distance walked at baseline and follow-up served as the basis for the anchor-based MCID to reflect the subject's best effort. The investigator conducting the 6MWT at follow-up was blinded to the baseline 6MWT distance.
Accelerometer-based measures of daily activity
Triaxial accelerometers, such as the RT3 (Stayhealthy, Inc., Monrovia, CA) are small devices the size of a pager that are worn on the hip to detect movement/vibration in 3 orthogonal planes (X, Y, and Z). This movement/vibration is recorded and averaged in one minute epochs with date and time of day labels. 'Activity counts' are recorded by the RT3 as a summed vector magnitude unit (VMU, calculated by √(X 2 +Y 2 +Z 2 )), and are the measurement proxy for daily activity. Triaxial accelerometers have a higher correlation than uniaxial accelerometers (such as a pedometer) to activity intensity as measured by oxygen consumption and heart rate in children, 58, 59 and have demonstrated high intraclass correlation coefficients (.97) in elderly nursing home residents. 60 The RT3 has demonstrated good intra-and intermonitor reliability using a vibration table with an ICC of .99, 60 as well as good intermonitor reliability measured using laboratory-based daily activity with coefficients of variation ranging from 6% to 14%. 61 Each subject wore the same RT3 accelerometer on the dominant hip during waking hours for 7 days in the first and seventh weeks. The 7-day monitoring period was chosen because it has been shown to more accurately depict weekly routines and reduce the likelihood of a significant 'Hawthorne Effect.' 18, 62, 63 The same monitor was used for baseline and follow-up for each subject to minimize error that might result from minor differences in individual monitors. 62 Prior to statistical analysis, the RT3 data were 'cleaned' 63 by detecting and eliminating non-wearing periods and data generated while in a moving vehicle, 63, 64 which may overestimate daily activity by up to 16%. 63, 65 Subjects were asked to keep a log to record significant events, periods of not wearing the monitor, as well as days/times of traveling in a motor vehicle. Daily activity data from the RT3 (mean VMU•hr -1 ) were used to calculate the MDD using two different approaches: (1) day-to-day test-retest Overall, how have you been from the point of view of your heart disease since I last saw you? Please circle the phrase that best describes how you feel now compared to when I last saw you. (Dichotomization strategy was not shown to subjects) reliability during the baseline period for all subjects, and (2) baseline to follow-up test-retest reliability in those subjects who reported "about the same" on the GRS. Daily activity data from baseline and follow-up in those who reported "improvement" was used to calculate the anchor-based MCID. The investigator preparing the follow-up activity data for analysis was blinded to the baseline activity data values for each subject. Although there are potential confounding variables with longer test-retest intervals, previous studies investigating the MCID for the 6MWT have included test-retest intervals of 4 weeks 46 up to one year 47 in those subjects who reported no change from baseline.
Global Rating Scale
The GRS was administered at the beginning of the follow-up visit. It asked subjects to rate the amount of change in their heart disease over the two month study period (see Figure 1 ). 46, 66 Due to the small sample size, the GRS was dichotomized into 'improved' and 'not improved' using the dichotomization strategy portrayed in Figure 1 .
Statistical Analysis
Descriptive statistics for subjects were calculated for the overall group, as well as for those reporting "improvement" and "no improvement" in heart disease over the study period. The two groups were compared using independent t-tests for baseline characteristics.
The MDD at the 95% confidence interval (MDD 95% ) was calculated as follows 67 : MDD 95% = z * SEM * √2 where z = 1.96 and SEM (standard error of measurement) = σ baseline √(1-ICC). The repeated measures two-way, random effects, single measure agreement definition ICC (2,1) was calculated using SPSS 16.0 for the two baseline 6MWT distances and for daily activity according to the aforementioned day-to-day and baseline to follow-up strategies.
The MCID for the 6MWT was calculated using the mean and 95% confidence interval of the difference between the longest baseline and follow-up 6MWT distances for those who reported "improvement" or "no improvement" using the aforementioned GRS dichotomization strategy. The MCID for daily activity as measured by accelerometry was determined by calculating the mean and 95% confidence interval of the change in VMU•hr -1 between baseline and follow-up for those who reported "improvement" and "no improvement" on the GRS.
The relationship between the 6MWT and daily activity baseline and change values was assessed using the Pearson correlation coefficient. Figure 2 provides a graphic depiction of the timing of measurements and the statistical analysis.
RESULTS
A total of 22 subjects were enrolled in the study. Two subjects failed to complete the study protocol; one due to voluntary withdrawal because of problems with transportation to the clinic, and the other due to death unrelated to participation in the study protocol. Another two subjects were hospitalized during the 8-week interim study period; one for acute renal failure and the other for pneumonia. Subject compliance with wearing the RT3 activity monitor was excellent with a mean (standard deviation) of 6.64 (.95) days and 12.8 (2.5) hours per day. Table 1 provides a summary of overall subject characteristics as well as characteristics stratified by the dichotomized GRS responses. On average, 6MWT distances increased by 
For Subjects with Global Rating Scale = No Change ("about the same") from baseline
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•calculate mean change in daily activity using baseline and follow-up daily activity data from accelerometer (VMU•hr -1 )(anchor-based MCID) 8 Weeks Elapsed Time 5 m to 8 m on the second trial. Anecdotally, all subjects reported that 30 minutes was a sufficient rest period between trials. There were no statistically significant differences in baseline characteristics between those reporting "improvement" and "no improvement" except for left ventricular ejection fraction (LVEF) and NYHA-FC, with those reporting "improvement" being younger (p=.034) and having a lower NYHA-FC (p = .044).
The ICC (2,1) for the 6MWT was 0.99 (95% confidence interval = 0.97, 0.99) demonstrating excellent testretest reliability. The MDD 95% for the 6MWT was 32.4 m. Regarding the anchor-based MCID for the 6MWT, the mean change in 6MWT from baseline to follow-up for those reporting "improvement" in heart disease was 30.1 (95% confidence interval 20.8 to 39.4) m and was statistically significantly different than the -9.4 (95% confidence interval -31.8 to 13.1) m for those reporting "no improvement" (p = .004).
The ICC (2,1) for the RT3 accelerometer-based measure of daily activity for day-to-day test-retest reliability at baseline across all subjects was .68 (95% confidence interval = 0.51, 0.84) with a resulting MDD 95% of 5,908.8 VMU•hr. -1 The ICC (2,1) for baseline to follow-up test-retest reliability in those subjects reporting "about the same" on the GRS was 0.86 (95% confidence interval = 0.36, 0.98), with a resulting MDD 95% of 5,819.9 VMU•hr. -1 Regarding the anchor-based MCID for the RT3-based daily activity, the mean change in daily activity from baseline to followup for those reporting "improvement" was 1,337.4 (95% confidence interval -105.1 to 2,779.9) VMU•hr -1 and was statistically significantly different than the -1,558.0 (95% confidence interval -3,420.2 to 304.2) VMU•hr -1 for those reporting "no improvement." Figure 3 depicts the scatterplot of daily activity across all levels of the GRS.
The correlation between the baseline 6MWT and RT3based daily activity values was moderate (0.59, p = .004); however, there was a lower correlation of 0.44 (p=.05) for the change values in these variables. When examining the results graphically, those reporting no change in heart disease from baseline to follow-up appear to have a negative linear association between changes in 6MWT and daily activity (Figure 4 ).
DISCUSSION
The present study served as a pilot project to investigate the alignment of two methods for estimating clinically meaningful change in the 6MWT and an accelerometerbased measure of daily activity to assist in planning a randomized clinical trial to improve daily activity in individuals with CHF. The results from the present study also provide insight into the relationship between changes in 6MWT performance and daily activity over time. For the 6MWT, there was good alignment of the MDD 95% and MCID, suggesting that a change of approximately 30 m to 32 m can be considered to be clinically meaningful. The results for daily activity, however, were not as clear. The mean change in daily activity for those subjects with a GRS response indicating improvement in their heart disease over the two-month study period was substantially less than the MDD 95% . Finally, change in 6MWT performance did not appear to be strongly related to change in daily activity.
First, with regard to the 6MWT, the MDD 95% calculated on this small sample was 32 m. This is lower than the MDD 95% of 45 m calculated by Pinna et al 48 
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Abbreviations: LVEF, left ventricular ejection fraction; NYHA-FC, New York Heart Association Functional Classification; 6MWT, six-minute walk test; VMU, vector magnitude units 24 m and 43 m for those subjects who had deteriorated or improved, respectively, in the study by O'Keeffe et al. 45 However, Spertus et al 56 reported substantially larger MCID estimates of 55 m and 90 m for those who improved or declined, respectively. They used a clinician-based anchor using a 15-level GRS collapsed to 7 levels for data analysis and found that the mean change in 6MWT for small improvement or decline was not significantly different than the mean change for those for whom the clinicians believed did not change. Unfortunately, they did not report their schema for collapsing the 15 levels, and it is, therefore, not clear whether their attempt at a finer discrimination of change resulted in mis-categorizing those with a small amount of change as being unchanged. This would result in a higher MCID threshold. Therefore, excluding Spertus et al, 56 there not only appears to be excellent agreement between the results of the present study to two prior studies 46, 47 and 4 other estimates calculated in a systematic review 57 but there also appears to be excellent alignment of a threshold for meaningful change in the 6MWT using two different constructs-the MDD 95% and the anchor-based MCID. This suggests that changes of greater 32 m likely represent change that exceeds both the measurement error of the 6MWT and that which is perceptible by the individual.
With regard to daily activity, the results of this study are less clear. The MDD 95% for the RT3-based measure of daily activity was calculated to be approximately 5,900 VMU•hr -1 using two different methods. This value is over two times greater than the mean change of 1,337 VMU•hr -1 in those subjects reporting improvement in heart disease on the GRS. This is problematic because it implies that perceptible change in the instrument (MCID) is far less than the instrument's measurement error (MDD). It does appear that both the measurement error calculated in this study is accurate and that subjects accurately responded to the GRS. The MDD 95% determined by the present study is very close to the 5,829 VMU•hr -1 calculated based on data from patients with COPD reported by Hecht et al. 63 Furthermore, based on the results of the 6MWT in the present study, subjects appeared to be able to accurately respond to the GRS. Visual analysis of the scatterplot of change in daily activity based on GRS response reveals that those reporting "much better" on the GRS appeared to consistently have positive changes in daily activity; however, 3 of the subjects reporting feeling "a bit better" had declines in daily activity that lowers the MCID threshold. This is a limitation of the anchor-based MCID and is the reason that an external objective criterion against which the threshold is compared is recommended. 66 In the present study, the objective external criterion of the MDD suggests that the present study considerably underestimated the MCID. It is also possible that daily activity may be robust to change in overall disease status; significant changes in daily activity may only be apparent in subjects with major changes in CHF disease status.
Unfortunately, no prior study has used the GRS to determine the MCID for triaxial accelerometer-based daily activity in subjects with CHF to allow for direct comparison to the results of the present study. However, Witham et al 16 demonstrated statistically significant improvement in RT3-based measures of daily activity of 18% in an exercise intervention group compared to a 13% decline in the control group. Applying those percentages to the subjects in the present study results in an expected change of approximately 1,535 VMU•hr -1 for the mean baseline daily activity for all subjects, which is substantially lower than the MDD, but is comparable to the mean amount of change for the subjects reporting improvement in the present study. This would suggest that the statistically significant changes in daily activity found by Witham et al 16 may not have been clinically meaningful in light of the MDD determined by the present study.
Finally, with regard to how the 6MWT and daily activity change in relationship to each other, the results of the present study suggest a complex interaction. Correlation coefficients for accelerometer-based measures of daily 
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activity and baseline 6MWT performance have previously been shown to be between 0.43 and 0.68. 16, 19, 25, 68 This is highly consistent with the present study. However, despite the correlation between 6MWT and daily activity measured at a given point in time, the association between changes in both variables is much weaker. As seen in Figure 4 , there appears to be a weak positive linear association between the two variables in those subjects reporting a change from baseline and a negative linear association for those reporting "about the same." It is important to note that the 6MWT is a measure of performance, and daily activity is a measure of behavior, which may explain the discrepant results noted by previous authors 9, 14, 16 with regard to changes in these variables in response to exercise intervention. Daily activity, as a behavior, is multifactorial. Unfortunately, the present study did not attempt to capture potential confounding factors for change in daily activity such as self-efficacy, depression, anxiety, and feeling disabled. 3, 51 
Limitations
There are several limitations to the present study. First, the MDD and MCID for daily activity were calculated with somewhat overlapping methods. For example, one of the methods for determining the MDD was based on baseline and follow-up data in those subjects who reported being "about the same" as opposed to being calculated based on two separate, closely approximated baseline observation periods. The authors felt that including a second baseline monitoring period would have detracted from subject recruitment. Therefore, the MDD calculated based on dayto-day test-retest reliability was used and was in excellent agreement with the other method.
The second potential limitation is that of seasonal changes confounding daily activity changes from baseline to follow-up, 69 with activity levels being approximately 10% lower during the winter months. Three subjects were recruited mid-fall where the follow-up might be influenced by the onset of the winter season. However, all 3 of these subjects demonstrated an increase in activity upon followup. It is not known whether the increase in activity was of a lower magnitude than if the follow-up was not during a different season.
The third potential limitation is that confounding variables such as depression that might explain discrepancies between changes in 6MWT and daily activity were not measured. The fourth limitation is that the GRS was dichotomized into "improvement" or "no improvement" and did not allow for determination of the anchor-based MCID for decline; however, the purpose of determining an MCID for this pilot study was to prepare for a randomized trial that hypothesizes improvement as a result of intervention.
Finally, although the subjects included in this study are representative of the majority of individuals with moderateto-severe CHF based on age, LVEF, NYHA-FC, and 6MWT distances compared to those reported in the systematic review by Shoemaker et al, 57 the small sample size of this pilot study limits generalizability of these results.
CONCLUSIONS
There was good alignment of the MDD 95% and MCID for the 6MWT in individuals with CHF, suggesting that a change of 30 m to 32 m is required to be considered clinically meaningful. However, there was not good alignment of the MDD 95% and MCID for accelerometer-based daily activity. The calculated MCID was substantially less than measurement error as represented by the MDD, indicating that the MCID was underestimated in this sample or that daily activity may be robust to change in overall disease status. Additionally, it remains unclear how the 6MWT and daily activity change in relationship to each other.
